1. Introduction {#sec0001}
===============

Tyrosine kinase inhibitors (TKIs) are considered mainstay treatment for patients diagnosed with chronic myeloid leukemia (CML). As CML requires lifelong treatment, selection of specific TKIs in the clinical setting requires careful consideration of toxicity profiles and patient comorbidities. Cardiovascular, pulmonary, and metabolic adverse events resulting from TKI therapy in CML have been documented and may complicate long-term therapy [@bib0001]. While not reported in initial clinical trials, cardiovascular toxicity from the second generation BCR-ABL1 TKI nilotinib has been an emerging problem in CML treatment [@bib0001], [@bib0002], [@bib0003], [@bib0004]. We report a case of a patient with CML on nilotinib who developed isolated pulmonary artery vasculitis with left pulmonary artery stenosis, and left coronary artery stenosis around the same time. To our knowledge, this is the first reported case of nilotinib-associated large-vessel vasculitis (LVV) and highlights a potentially new vascular complication of treatment with this TKI.

2. Case report {#sec0002}
==============

A previously heathy 47 year-old woman, without cardiovascular risk factors, was diagnosed with chronic phase CML in 2012. She was initiated on nilotinib 300 mg po bid, and has achieved Major Molecular Response (MMR) by Quantitative Real Time PCR (RQ-PCR). Baseline echocardiogram prior to initiation of CML treatment was normal with an estimated pulmonary artery pressure of 23--28 mmHg. Other comorbidities of note included seronegative inflammatory arthritis, gouty arthritis, and hyperparathyroidism treated with sulfasalazine, allopurinol, and thiazide diuretics. After six years of nilotinib, the patient developed new elevated erythrocyte sedimentation rate (ESR) (82 mg/hour; normal value \<25 mm/h) and C-reactive protein (CRP) (2.5 mm/dL; normal value \<0.3 mg/dL) that persisted for several months thereafter ([Table 1](#tbl0001){ref-type="table"}). She reported fatigue, chest pressure, and dyspnea on exertion but no chronic cough or hemoptysis or other constitutional symptoms. Complete blood count (CBC) and comprehensive metabolic panel (CMP) were unremarkable. Urinalysis was normal. Her inflammatory arthritis was in remission. Given these unexplained elevated markers of inflammation, bone marrow biopsy was performed, and demonstrated normocellular marrow with trilenage hematopoesis.Table 1Laboratory testing prior to, at the time of, and after the diagnosis and treatment of vasculitis.Table 1March 2018 (Baseline)June 2018 (First abnormality)August 2018 (At diagnosis)October 2018 (After treatment)December 2019 (Last follow-up)C-reactive protein, (normal value \<0.3 mg/dL)\<0.32.52.5\<0.30.3Erythrocyte sedimentation rate (normal value \<25 mm/h)4282992726Hemoglobin (normal value 11.6--15.2 g/dL)11.612.711.513.412.3Hematocrit (normal value 34.9--45.2%)37.039.635.942.338.00Mean Corpuscular Value (normal value 79.3--98.6 fL)83.188.886.388.991.3White Blood Cell Count (normal value 4.16--9.95 × 10^3^/uL)8.37.66.0910.914.05Absolute Neutrophil Count (normal value 1.80--6.90 × 10^3^/uL)6.185.494.516.572.10Platelet count (normal value 143--398 × 10^3^/uL)234252248228215

Chromosome banding analysis (CBA) of marrow cell metaphases, revealed Complete Cytogenetic Response (CCyR). Fluorescence in Situ Hybridization(FISH) analysis did not detect BCR-ABL rearrangement. Fluorodeoxyglucose (FDG) positron emission tomography/computed tomography (PET/CT) was performed which showed soft tissue thickening of the main pulmonary artery and proximal bilateral pulmonary arteries ([Fig. 1](#fig0001){ref-type="fig"}) with mild FDG uptake, and mild luminal narrowing of the left pulmonary artery concerning for vasculitis. Magnetic resonance angiography (MRA) of the chest confirmed wall thickening of the main pulmonary artery extending to the left and, to a lesser extent, right pulmonary artery and left pulmonary artery stenosis consistent with vasculitis. Further evaluation by rheumatology revealed no signs or symptoms of LVV or other autoimmune diseases that can cause pulmonary arteritis. Vascular examination was negative for carotid, subclavian, abdominal, or femoral bruits. Temporal and peripheral pulses were all present and symmetric. Laboratory testing included a borderline dilute Russel\'s viper venom test but normal antinuclear antibody, double stranded DNA, rheumatoid factor, anti-cyclic citrullinated peptides, anticardiolipin, beta-2-glycoprotein, cryoglobulins, total complement level, IgG subclasses, and ANCA antibodies. MRA of the abdomen and pelvis was performed to evaluate for LVV which was normal. Repeat echocardiography displayed new borderline elevated pulmonary artery systolic pressure (35 mmHg). She was diagnosed with isolated pulmonary vasculitis and started on prednisone 60 mg daily with gradual taper over several months. Markers of inflammation normalized with prednisone (ESR 15 mm/h and CRP \<0.3 mg/dl). Around this time, given symptoms of dyspnea on exertion, she also underwent computerized tomography coronary angiogram which demonstrated a new high-grade stenosis (approximately 70--80%) of the proximal segment of the left anterior descending coronary artery (LAD) by diffuse low-density non-calcified plaque for which she underwent coronary angiogram and stenting of the mid-LAD ([Fig. 1](#fig0001){ref-type="fig"}). Nilotininb was discontinued and dasitinib was started.Fig. 1Computed tomography chest obtained during positron emission tomography demonstrating soft tissue thickening of the proximal (panel a, coronal view) with mild FDG uptake (panel b). Coronary angiogram in 2016 showed normal left anterior descending artery (panel c, asterisk) while repeat coronary angiogram 2 years later, showed a high-grade stenosis of the proximal segment of the left anterior descending coronary artery (panel d, asterisk).Fig. 1

MRA of the chest, abdomen, and pelvis after discontinuation of steroids showed improvement in pulmonary arteritis and no evidence of active vasculitis or progression to new areas. Repeat echocardiography showed resolution of elevated pulmonary artery pressure which was now 25 mmHg. At the time of last follow-up, the patient\'s vasculitis has been in clinical and biochemical remission off prednisone. She has continued dasitinib without new vascular events and also follows with cardiology and rheumatology regularly.

3. Discussion {#sec0003}
=============

Novel BCR/ABL1 TKIs, such as nilotinib, offer major antileukemic effects, but add complexity to the treatment paradigm of CML as their targets are not exclusive to hematopoietic cells and may induce vascular damage [@bib0002]. There is growing literature about TKI-related VAEs including coronary thrombosis, peripheral arterial disease, and pulmonary hypertension [@bib0001], [@bib0002], [@bib0003], [@bib0004]. Recently, a report of carotid artery stenosis in a patient treated with nilotinib was published adding to the list of VAEs [@bib0005]. Multiple mechanisms may contribute. Nilotinib may induce vascular vasospasm and stenosis, cause pro-atherogenic effects on vascular endothelial cells, and impair vascular repair via anti-angiogenic mechanisms in addition to affecting cells like mast cells which are important in vascular repair \[[@bib0002],[@bib0006]\]. Furthermore, nilotinib also has metabolic effects including hyperglycemia and dyslipidemia that mediate atherosclerosis development, although the exact cellular interactions behind these metabolic changes remain unknown \[[@bib0002],[@bib0006]\]. Clinical risk factors associated with TKI VAEs include duration of therapy, higher doses, and preexisting cardiovascular risk factors [@bib0002].

This is the first case report of isolated pulmonary vasculitis in association with nilotinib for CML.

Reports of other VAEs like vasculitis with TKIs are scant. Cases of nilotinib-associated arteritis and arterial stenosis were reported in a study using the US Food and Drug Adverse Event Reporting System database, but specifics on the type of arteritis or the arteries affected were not provided [@bib0003]. While pulmonary artery involvement is seen in certain forms of vasculitis, isolated pulmonary vasculitis is exceedingly rare [@bib0007]. The elevated markers of inflammation, PET/CT findings, and vessel wall thickening on MRA support a diagnosis of isolated pulmonary artery vasculitis. While nilotinib has been associated with atherosclerosis which can also cause FDG uptake on PET, the pulmonary artery involvement would be atypical for atherosclerosis. CT findings didn\'t show calcifications or other abnormalities seen with atherosclerosis and the only area of uptake on initial PET/CT was the pulmonary arteries. There are several features in this case which point toward a drug-induced vasculitis. She had no manifestations consistent with autoimmune conditions that cause pulmonary artery involvement. In particular, there were no features of Takayasu arteritis which would be the main consideration in someone her age and imaging of the entire aorta and branches did not show other areas of vasculitis. The concurrent coronary artery thrombosis, which is a well-recognized complication of nilotinib, also argues for a drug adverse event and suggests that these VAEs may share a common mechanism. Finally, manifestations resolved with prednisone monotherapy and withdrawal of the medication without recurrence, as opposed to the more typical relapsing course of large-vessel vasculitis.

Expanding literature has also demonstrated an association between pulmonary hypertension and TKIs including nilotinib [@bib0008]. In a recent pharmacovigilance analysis, Cornet et al. identified the potential role of proto-oncogene tyrosine-protein kinase Src (c-Src) and tyrosine-protein kinase Tec in pulmonary arterial hypertension induced by protein kinase inhibitors (PKIs) [@bib0009]. The authors suggested that c-Src inhibition by PKIs may enhance vasoconstriction and vascular remodeling but this would not explain the finding of vasculitis [@bib0009]. Pulmonary artery stenosis from large-vessel vasculitis can cause pulmonary hypertension [@bib0010]. In the present case, we suspect the pulmonary hypertension was in part related to the vasculitis. The occurrence of pulmonary hypertension in other patients treated with nilotinib, and to a much larger extent other TKIs, does not include vascular imaging. It is unclear if some of the previously reported cases of pulmonary artery hypertension may be secondary to pulmonary vasculitis as in our case.

In conclusion, the development of isolated pulmonary vasculitis, as well as coronary artery stenosis, in our patient was likely related to long-term nilotinib therapy. This case illustrates the importance of remaining vigilant for nilotinib-induced vascular adverse effects including, based on this report, vasculitis. Recognition of potential drug-associated adverse effects like vasculitis is important because treatment includes the cessation of the medication, if feasible, and avoids exposure to unnecessary immunosuppressive therapy.
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